Objective-To investigate predictors of attendance in the United Kingdom flexible sigmoidoscopy screening trial. Design-Prospective design in which participants completed a postal questionnaire before being sent their invitation for screening. Setting-Welwyn Garden City and Leicester, United Kingdom. Participants-A total of 2758 patients aged 55 to 64, registered with general practices in the two centres, who (a) expressed interest in having the screening test, (b) completed a postal questionnaire, and (c) were subsequently invited for screening.
Colorectal cancer is the second most common cause of cancer death in the western world. Screening by "once only" flexible sigmoidoscopy around the age of 60 has been proposed as a way of preventing colorectal cancer by finding and removing precancerous adenomas. 1 In 1995, a multicentre, randomised controlled trial was started in the United Kingdom to evaluate this screening method. 2 Identifying factors associated with participation is an important part of the evaluation of a new screening procedure. Such information is relevant for interpreting the eYcacy findings. For instance, so called "reverse targeting" may occur: participants may tend to be at lower than average risk for the condition being screened. 3 Such information can also be used to identify groups with low attendance that can be targeted in interventions designed to improve uptake, and to inform the development of such interventions. In the longer term, information about the factors associated with participation will need to be considered when deciding whether, and how, a national screening programme should be implemented. Identifying predictors of attendance also contributes to the wider literature on factors that influence individuals' decisions to accept or decline invitations to participate in screening and other medical tests.
This paper reports findings on predictors of attendance from the pilot centre and the first main trial centre of the United Kingdom flexible sigmoidoscopy screening trial. This study diVers from most previous studies 4 in its use of a prospective design, in which potential predictors were measured before the invitation for screening was received; the large sample size; and the wide range of predictors that were investigated, which included demographic factors, health behaviours, attitudes and beliefs, recent symptoms, and personal and family history of disease. Similar variables have been shown to predict participation in faecal occult blood testing 4 and breast and cervical screening. 5
Methods

PARTICIPANTS, DESIGN, AND PROCEDURE
Potential participants were patients aged 55 to 64, registered with general practices in Welwyn Garden City and Leicester. Lists of names and addresses of patients in the target practices were provided by the health authorities. General practitioners (GPs) were asked to exclude any patients who were inappropriate for the trial (for example, already had bowel cancer, recently had sigmoidoscopy). This resulted in the exclusion of about 1.8% of potential participants. Letters signed by the GPs were sent to the remaining patients, informing them that a trial of bowel cancer screening was due to be set up in their area, and asking whether they would take up the oVer if they were invited to have the test (screening interest question). An information sheet describing flexible sigmoidoscopy screening was included (see box), along with a prepaid reply envelope. Non-responders were sent a reminder after two weeks.
Patients who responded "yes, definitely" or "yes, probably" to the screening interest question were eligible for the trial. They were randomised to screening or control in the ratio 1:2. People living at the same address were randomised to the same arm of the trial. Those in the screening group were sent an invitation for screening with a specified appointment about five weeks in advance. Patients were asked to telephone to confirm, change, or cancel their appointment. Initially, in Welwyn Garden City, an attempt was made to telephone the non-responders to encourage them to attend. However, this proved unproductive, so it was abandoned in favour of sending a postal reminder after two weeks. Those who confirmed their appointment were mailed a bowel preparation (laxative or enema) to self administer prior to attendance. Screening was performed in endoscopy units by experienced specialist gastroenterologists.
After the GP exclusions, a total of 34 302 patients in the two centres were sent the GP letter and information about bowel cancer screening. Random samples of patients were sent a seven page questionnaire designed to measure factors related to subsequent screen-ing participation. This was sent either with the initial letter from the GP (in which case the screening interest question was incorporated in the questionnaire; sample A), or at a later stage after respondents who had expressed interest in having the screening test had been randomised to screening, but before they were sent their invitation (sample B; see figure 1 ). The latter procedure was adopted in Leicester as a more cost eVective way of collecting information on predictors of attendance-more cost eVective because the questionnaire was only sent to those who had already been randomised to screening.
The main analyses in this report were based on the 2758 patients who (a) responded "yes, definitely" or "yes, probably" to the screening interest question, (b) completed the questionnaire, and (c) were subsequently invited for screening. Two people who returned the questionnaire but died before their screening appointment have been excluded from the analysis.
MEASURES
The following variables were measured. All measures were obtained by questionnaire unless specified otherwise. Statistical analysis was by univariate and multivariate logistic regression using STATA 6.0. Adjusted confidence intervals were calculated that took account of the clustering of the sample by GP practice and by household. However, since these diVered only slightly from the unadjusted intervals, only the latter are reported here. The population attributable fraction was calculated for each of the significant categorical variables in the multivariate analysis using the method described by Brady. 9 This can be interpreted either as the estimated proportion of non-attenders who failed to attend for screening because of a given risk factor or predictor variable, or as the expected proportional reduction in the overall non-attendance rate if the risk factor were eliminated, keeping the other variables constant.
Results
Response rates were good for a postal questionnaire study. In sample B, 78% responded to the screening interest question, and 78% of these expressed interest in having the test. The response rate to the questionnaire in this sample was 85.8%, significantly higher than that in sample A (68.2%) where the questionnaire included the screening interest question ( 2 (1) = 245.7, p < 0.001). The most plausible reason for this diVerence is that those who were sent the questionnaire in sample B were a self selected group who had previously responded to the screening interest question. Of those who returned the questionnaire in sample A, 82.1% expressed interest in having the test.
Response rates were consistently higher among women than among men for both the screening interest question (sample B; 77.3% v 69.4%; 2 (1) = 376.6, p < 0.001) and the questionnaire (77.3% v 69.4%; 2 (1) = 59.1, p < 0.001).
The attendance rate among questionnaire responders was 76.1%; it was similar in the two samples (figure 1). There were no important diVerences in predictors of attendance between the two samples, so the results are reported for the combined sample only. Table 1 shows the association between each of the potential predictor variables and attendance for screening in terms of attendance rates and univariate odds ratios. There were no significant diVerences in attendance by age, ethnicity, or whether the person was invited with a cohabitee or on their own. On the other hand, marital status (which was significantly associated with the latter variable) was predictive of attendance: married people were more likely to attend. All the other demographic factors showed significant associations with attendance. Thus, men, those in employment, those with educational qualifications, those who owned or were buying their home, and those who had access to a car, were significantly more likely to attend for screening. Housing tenure and car access had the largest odds ratios among the sociodemographic factors.
With the exception of the frequency of eating fruit, health behaviours were consistently related to screening attendance. Among women, having had a mammogram in the last three years was particularly strongly related to attendance. In addition, non-smokers, those who said they took regular exercise, and those who went to the dentist for regular check ups, were significantly more likely to attend for screening.
Neither a family history of bowel cancer nor a personal history of bowel disease was related to attendance. However, those who reported four or more recent bowel symptoms were significantly more likely to attend than those who reported none or one. Higher attendance rates were also found among those with better subjective health, lower anxiety, and greater optimism.
In response to the item measuring perceived susceptibility to bowel cancer, the vast majority of respondents said that their risk was about the same as other men and women of their age. There was no association with screening attendance. On the worry item, those who were "a bit worried" about getting bowel cancer were most likely to attend; their attendance rate was significantly higher than among those who were "not worried at all".
The question assessing general attitude to medical tests showed a very strong association with screening attendance. Those who said that they "don't mind at all" had odds of attending for screening that were five and half times those for the small minority who said they "mind a lot". Of all the categorical variables, this had the strongest relationship with attendance. Specific beliefs about having flexible sigmoidoscopy were also predictive of attendance. Those who perceived more benefits and fewer barriers were more likely to attend. Further analysis showed that each individual item was significantly and consistently related to attendance. The two items that showed the strongest associations with attendance were "having the test would take up too much time" and "the test would give me peace of mind". Finally, the screening interest question had a strong association with attendance. Those who said that they would definitely take up the oVer were more likely to attend than those who said they would probably do so.
A multiple logistic regression analysis was conducted to identify independent predictors of attendance. All the variables listed in table 1 were entered with the exception of mammography (which applied to women only). The following variables emerged as significant independent predictors of attendance: sex, housing tenure, smoking, visiting the dentist, subjective health, attitudes to medical tests, barriers, and screening interest. A backward stepwise analysis (using probabilities of 0.05 and 0.10 for entry and removal respectively) yielded a final model that included only these variables plus perceived benefits. The model was highly significant ( 2 (12) = 232.0, p < 0.00005), and the proportional reduction in 2 compared to the constant only model (Pseudo R squared) was 9.9%. The multivariate odds ratios are given in table 1. Of the two continuous variables, barriers had a larger independent eVect than benefits. Of the categorical variables, subjective health had the largest independent predictive eVect, followed by screening interest and attitude to medical tests. Calculation of the population attributable fraction yielded a diVerent ranking of variables. Screening interest had the largest fraction (0.18), followed by sex (0.09), smoking (0.07), and visiting the dentist (0.06); attributable fractions for the remaining variables were less than 0.05. Thus, controlling for the other variables in the model, if the non-attendance rate among those who said they would probably have the test were reduced to the rate among those who said they would definitely have the test, then the overall non-attendance rate would be reduced by an estimated 18%.
Discussion
The present study was one component of a randomised controlled trial to evaluate the eYcacy of flexible sigmoidoscopy screening. In order to maximise statistical power for detecting an eVect of screening on mortality, only people who responded "yes, definitely" or "yes, probably" to the screening interest question were eligible for the trial. This meant that the analysis of predictors of attendance in the present study was necessarily restricted to this group. Therefore, we cannot rule out the possibility of selection bias. Because those who responded "probably not" or "definitely not" to the screening interest question and those who did not give any response to the question were not invited for screening, we have no information on predictors of attendance in these groups. It seems likely that, had these two groups been invited for screening, attendance would have been much lower than among the interested group. More importantly, the predictors of attendance might have been systematically diVerent in the not interested and nonresponder groups. The possibility of selection bias in the present study limits the generalisability of the findings and comparability with other studies of screening attendance. On the other hand, explicitly restricting the analysis of predictors of attendance to the interested group allows one to interpret the findings in terms of the barriers to attendance among people who, at least on the basis of their prior expression of interest, would be expected to attend for screening. Furthermore, the findings from the present study have implications for increasing attendance in this trial and in other trials that use a similar recruitment procedure.
Although the sample was relatively homogeneous in terms of screening interest, the analy-sis revealed a number of important predictors of attendance. Men were more likely to attend for screening than women. This association was also seen in the multivariate analysis, suggesting that none of the other variables could account for the eVect. On the other hand, women had a higher response rate to the screening interest question and to the questionnaire, and male respondents were more likely than female respondents to express interest in having the screening test. 10 Thus, gender eVects showed a complex pattern overall. The net eVect was that men and women in the initial sample were about equally likely to attend for screening.
Consistent with previous studies of screening participation, 4 5 11 higher socioeconomic status was associated with higher screening attendance. Respondents who were currently in employment, had educational qualifications, owned or were buying their home, or had access to a car, were more likely to attend. As well as serving as an indicator of socioeconomic status, having access to a car should have made it easier to attend for screening. However, the fact that it did not emerge as a significant independent predictor in the multivariate analysis suggests that it did not facilitate attendance in this way. Indeed, of the socioeconomic factors, only housing tenure emerged as a significant independent predictor.
In previous research, the practice of preventive health behaviours has been shown to be fairly consistently related to screening attendance, 5 12 although studies have diVered with respect to the particular behaviour found to be associated with attendance. In the present study, two of the four health behaviours measured (not smoking, and going to the dentist) were significantly associated with screening attendance in the multivariate analysis. These measures may be capturing an orientation to engage in behaviour to protect one's health or possibly a tendency to comply with invitations and requests from health professionals. The relationship among women between prior mammography and attendance for sigmoidoscopy screening may be interpreted in the same way. Although smoking can be regarded as a marker for material deprivation, 13 in this dataset it was only weakly associated with measures of socioeconomic status, and its predictive eVect on screening attendance was maintained even when controlling for these measures.
A simple rating of subjective health emerged as one of the strongest predictors of attendance. This measure has been found to be a robust predictor of mortality and other health outcomes, 14 but it has been used in few previous studies of screening participation. The simplest interpretation of the eVect in the present study is that those who stated on the questionnaire that their health was poor were more likely to be ill at the time they received their screening invitation and were therefore less inclined, or less able, to attend for screening. The prevalence of "poor" self rated health in the sample was very low, however, and the estimated attributable fraction for this variable was small.
The other health related measures we included were specific to bowel disease. A personal history of bowel disease and a family history of bowel cancer were both found to be unrelated to screening attendance. The number of recent bowel symptoms was weakly associated with attendance but only in the univariate analysis. To the extent that these variables represent risk factors for colorectal cancer, there was no evidence in this study that attenders were at lower risk than nonattenders; in other words, there was no suggestion that reverse targeting occurred. The trial will yield valuable information on risk factors for the development of bowel polyps and colorectal cancer.
Several of the attitude and belief measures were predictive of attendance, in particular, perceived barriers to sigmoidoscopy screening and attitude to medical tests, but also perceived benefits of sigmoidoscopy screening and the screening interest question itself. The eVects of all these variables persisted in the multivariate analysis. Screening interest had the largest attributable fraction of all the categorical variables, and analyses reported elsewhere show that perceived benefits and perceived barriers are important predictors of screening interest. 10 These findings can be used in eVorts to improve attendance by modifying relevant beliefs and attitudes using information leaflets and advice from GPs and other health professionals. As part of the trial, we are currently evaluating the eVect of a booklet designed to address perceived barriers to having the test, including fear of embarrassment, fear of discomfort, and dislike of medical tests. Other findings from the study could be used to target interventions to subgroups who have relatively low rates of screening participation, for example smokers or people who live in rented accommodation.
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